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(54) ritle: REFLECTIVE LCD, SEM1TRANSMITTING REFLECTIVE LCD AND ELECTRONIC DEVICE 



(57) Abstract: A reflective LCD comprises a first substrate (10) having one side opposed to 
liquid crystal and provided with a reflective electrode (14), and a second substrate (20) whose 
far side from die liquid crystal includes a first phase plate (106), a second phase plate (1 16) 
and a polarizer ( 1 05). The liquid crystal has a twist angle of 230 to 260 degrees and A nd of 
0.70 to 0.85 U ?m.The ?nd of the first phase plate is 150±50nm, and the A ?nd of the second 
phase plate is 610±6Onm. The axis of transmission or die axis of absorption of the polarizer 
makes an angle of 1 0 to 35 degrees with respect to the optical axis of the second phase plate, 
and the optical axis of the first phase plate makes an angle of 30 to 60 degrees with the optical axis of the second phase plate. The 
LCD presents bright images with high contrast 
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>Ny (ffiU Nx : X $ft ^ rfn <7) ^ Jf? . Nz : Ztt^ffilOJKtfr^ Ny : Y*l 

-rs 0 ^i9i^^2'jiM0ij(i^; nmm&L i o 6. ^21^1^11 6&oqfft 
hi 1 h m 3 t fc^ 1 %mm t m&x-*> s 0 

li[J*>5f5 2^{?ijT*{±. £1*STNMi^fr5$U&Ji5 0(7)^* Kft 6 t |C 
ov^Tlim 1 'JSttfl i: 2 3 0-2 6 0 Ji£lcBB&$ fiXis *) . ift'tSn® 5 0 

(7) A n dlCO^Tt^l ^Wtt'Mfia* 0 . 8 5 n maK'fc <9 

20 ILo^ig- icfift^O. 7 0 /j m».J:T'$)5 0 

Lxm 2 ^Jfe«T?{4» L Sfettflli: ,35 I &ffil£JR I 0 6 (D A n d tt % 

1 5 0 ± 5 0 n m-Cfc "9 . ^ 2{£fflll& 1 1 6 (O A n d 12. 6 I 0 ± 6 O h mf 

i o 5<Dmmmxi±m$hk®2iiLmmwii 1 6(D)fc$iii£<7>&-r# 
tent i o ~ 3 smxh*), mut^mmi os<D%mtw,2{iLm%L&\ 1 

25 Q(D%mt Oltji-ffimd 2(1. 3 0~6 OS-C&So f£oT;. IS 2 ^J5S#] 
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zLxm2nmmx&, mmmm^m^tmm^. s^And^ ^<z>§: 

{is 7 I 2 K&tt SiifctiJi 5 0 <7> ^ >f * h fl t. fftAB 5 0 <D 

And, !B2&ffl3&K 1 I 60An d (03 W^^T'ti. R 2 And b^) . 
10 Hfcffl^HS 1 0 6<7>A n d (13 3 <7)^^T*(i, R 1 A n d t lii") > 9 

i jkximt. 0 2*. fxtomn<m^&rt zmzz (ks+#o > h ? * hit 

£ Jt^>n-|^T**>5o m 7 IC^ L fc&f£f*i| 7 I 21i, 1/1 20f 

a—- iioi/i 3^^T^I- J: 0 e U — 77 y?*r— K-e^$b$H3#J 

15 0 7 <b m h frti <fc 9 IC % Jr$ L £35 2 L o T v 5 0©? 

-f* hft 0 t. iil5 0(7)A n d, sfS2fft4DII«l 16©R2 And.il 
1.0 6OR 1 And, Mfll &tffiJ!gO 2 tt&fe £ tlX \i * Z> £ M,ft 

vn^&itwi 2xtts v<-rnt> 3 o%srigi6i5v^RW^#e)n5. ep*>^ 

20 * h0>^/pj&s#P>*l3o 
(*5 3£ttW) 

Hi" 5. 1*4. 0 8lc^i-^3 5liSi^j-Cfi, 0 l fl»e>B 3fc7pLfcSI l ^IftWfcR 

is p. ii:Mi5 o<Dmw-dfr&mmfox&w^£^x£&mt^z&&&t£ 
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ztx\ Kittii 4<Dm&ms o\zffi-fzmm*M&k Lxmmm&m< u 

fl^T-t5„ m3^WjT*li, m 1 Xli^ 2 ^J8i^J i: |sj^ltc x ifil50(OAn 
5 d tt^eo&'Hii (MK*3tt5fltt) 0. 85<i mUTXh <9 tio^^a^HC (HQ 

^(dx o^%4mmmxi*.m 1 &ki o jitcmiftji&i o u ^t5^ 
$ 3 ^jfe^*^ t mm\z^ mtnm 1 4 <owi&m 5 0 ^ts-r s^ffi^naib £ u 

20 »»fi££lf fctiSo r.<7) J: 9^Dfli0iB^l O uli, Rto&m 1 4(DTil«t 
(£5 3lliS0iJ) 

£#«5L-ct&wi-£„ la 1 cm, ^ 5 ^J&W'&ttSKltii^ 1 4 ' <n 

25 fi^tiiit^^-r®rffiia-t*fc«5, mi ^o¥®eit-$>'!), 121 21*. 

So 
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SStfl 4 1 tc:«fc3/xJM£KifciSIJ8 5 O^Ltg^i: LTm#ti-5^*»« 
10 (®6^JttW) 

m 2 l^ss i %mm t mm^m^m^^xitmm^^mn^^H 
is u znmjutmir&wi'z* 

l ^jW^^^nxT, $ l mm 1 0<7)$Cn B nJi 5 0 iS^ll^ MM 1 0 7 
A^WIte 1 0 8 £fig;L-Cl^„ MM 1 0 7 (D^ffliJKIi. ifi*f? 1 1 

20 9 b. l&ftWl l 9^f)«7))fe^lttl 0 7*»e>i£i&'<*/H*H-#< tzt><om% 

^ii^#tm®2 l 4(1. Ag^A 1 6 ft !K * V y 

*ifSr«BX.5t)W-e*>5 0 ^(Dtztb, ^SiiKatUi 2 l 4 tt, I2lfi20» 
25 W^?>A*t"t53t«:R*ti-5-^ 1 1 1 0 W^W«3t^iat5 0 

015 (a) l^ti BISi:4o«7Py h£Eg#l;:MLTt> 
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LTt><fcv>u @i 5 (c) ^ir&i\mmm^&(rmwmu mz.n. 2» 

m&<Dmn) £gtffci2Mb-Ct> .fc^U Hi 5 (d) ttH" J: o \z.mm%\z. 1 o<0 
5 <75 4 -|Z|ffiJfMfcl±x H^cotl^t, IE*JK"Ct> J;v\L, gcVMi, £fcJf^ ffRff^ 

torn * Bf>t-t z 1 1 k ibii^f 153 p ras & 6 r 1 1 ^mx* *> o . r <*> «t ? tc-r 

fttf»j£xn#&m*£-f2frtf. 015(a), (b) Xte (d) Jc^L 

fc*D§^!JyhO»^ xVvbcnmn. £r£ L< li#J3~2 0 n mt StLS. 

ws^^rr^nfc"n-Ki<7)-i^'jSSMmts2 1 4 1 t-ct 

a&W&ia l 3 I'R-n HI I 3 tdJi^T, 'ii£)fc'T? l l 9 <t >»fc[^/^y ? b 

So 

20 (Light Emitting Diode) ^id?"^ EL (Electro-Luminescence) M^^frML 

x%> *> . xmnn&i&Qtmztt. mitm*ft L.xmjjfrh%.&&A-tz&x i & i 

-?£ft<£>W3b*i] JB a mx&m LT «fc l \ 
r©J:^^6lI0im ftSir^JbflauififttRi o 5, ^ l f£fBM& l 
25 0 6&tm2{£ffi!l&l 1 6^ffig£tiT:fc'9, $ t g J ir/w<7>T«-(Kft;& 1 0 7 

^*5V^Ttfi»/j:**fli!l»* s 'et ; 5. ^HiffiH^l 0 6&t^ 
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3 JfcW Ji^tefil £B2g-f Sr't'fc BiH^T'fc 6 „ ^ £ 9 UUfcffi S« «:«lktt 
10 5 0&tfT-i3iiJ5tMfSte2 1 4 tc*3ft5 3t^ttSrJR«tS^^n#lc*5ft53^ h 

eu:*> a t&fcm 5 o sriffi o -c g&MBft m& $ ft. mm i o 5 x»m £ tl 

-©NK SJEFP/HUfclB (IJH£*MK1S) (C$>6*fofpJl5 0{R#«rii**fttt* ft* 
® 5 O^^^mii^-r^fcfe, ^SiBRttSffi2 1 4-CSIttT(iMl 0 5 tf> 

mitbti, m%fci o 7Rm^mmmi o 8«r^L-c*sissitM2 1 4^^ 

25 a-TS*«3td5. j 1 ab^RitM^«Fl-43»'tS^aiiR#t*«2 1 4T*Rtt£ 
'nSiRiJfefcRift**:**'^^ 0 7fttm*BJI«l 0 8©** 

fc>p>i\ ^iiM^^u#i-*Jit5^igRttm^2 1 4 sraai - sit 
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^6^-J5S^|-e(it*^. S T N io a H ^ b ^£ 5 «^ u nl 5 0 W ^ ^ F 9 1 11, 2 
3 0-2 6 0 I^BK SE $ tlX & U . iftfi<0 4ndl^ 0 . 85/»m 

UTXfo*) Ho^(7)M>cfitt^ 0. 7 0 m mJ^iiT*$>5„ ~ O 4; 9 ft V 4 * h # 0 

t »i» ikim 1 5 &umm% 2 5 \zM-t~& =7 v> ?u$h\z.sl v mHi&xmj£»tm 

15 tfc^c ^lM«106OAndlt I 5 0 ± 5 0 n raXli 6 0 0 ± 5 0 n 
mXfo*) , %S2tiLti\M&i I I 6WAndlt 5 5 0 + 5 O nratifcS. Ml 
0 5 (7)iii§#XI±'^l|X#ttB 1 1 6<r>%tok<nft'f1ti '&0 Ht. 15 

~3 5mxh*). m \ fcmmteio 6<nitmt 2 ibm^m i uwjtui:^ 

fftf0 2H 6 0~8 0/£T?fc5o 1£oT, $ 6 5ltefi|<7)|xW^ l a^I^ «t 
20 *U2\ tS5 5 0 nmi+)&oyfc\L%l-fZ>fc&mfrffi< ft*), WZ> < M^ 1 > \* 7 * 
h (OR^m *> 7 — £ mtf*fm t ft 5 „ 5E \Z x 2 flC^Ml *m V ^ 6 r. t ^J:«9, 

buffet 

ftZo 

25 ii»Andr\ ^©ft/Htt^O. 8 5 Wfc >5 lo^i^I 

#7-<7>l@P*^£ift«8il-tT9 zt i>^mtftZo fit; r<z>J:5lc*tfi 
n dfi^^'Mit^O. 8 5 m mJ^Ttfc D lo^©t W o . 7 0 n m 
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^fflT*£>5fc&, Wm<D A n dli, i^lC 0 . 7 0 — 0. 8 5 ju m £ -TtU* <fc V\ 

5 o. 70~0. 8 5 n mt^Z(nl)mMjfc\<^i^ffetf£*)n%cnX\ t<DXo 
frJi&lw Lj£<D$n< : &&(D And ZZn&'bUfr 0 . 8 5 ^ mWTT'fc <9 i.o^r 

is -t dswl, pft>'^rV.ri so, m 2 mm 20 )kxfu%m iosh ^xm%te 1 

>@2 l 4&tfi§-l9im&2 l ^£^5^rr{'&tt5ft£ig>Ji5 Oiftftl'tl. frllX 

ftfcfx iliil 0(7)±iaiJ^4o(t6^i§SltS^2 I 4(ci »9^ft££lt-t-5 

tt59IS£ *>lP]±-f 5„ ^ttltl^ ffotlJf 5 o?)^* Ml 0 t, ft&0 1R 
Tffi&e 2 ftmcm&m 5 0CAnd, £ 1 ft*BM& 106©And &T*m 2 & 
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& MM ^ o i> T 3tW 1" Z> o 

5 AML/tMftte. ^MJK5tm^2 1 4 (7)RH q «i§ii U $115 0, ^2 
JS&2 O&tffiftttU 0 5£#LT«3te*R 1 0 5ffli»f>ffl»t5, ^IfP 

VX h&'Vl Ltzme'MmmX'lt, tti I %mW<»% ft bm&\^ *frSiS&*tlB«2 

o \i(om-mm^^ m^titz^mat. iitfTABSiiJiiiii^ 
w frjxtit LXT%mmijm&(t)Mmi-z> xoklx^xw s^iiii 

{iLtim®. I 0 6&0^2tefll>£& 1 I 6 & 2«ftI|ffe^lfm^75^fil^LX *>«fc^U 

20 i mmmmRfrhm&Lxi>&\<\ 

)nz.x%6%&mx*t*. ®i%mm<o®&bwmz* ^yis-f-rvvt^mWi 
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10 JftliftibftS. 

*^W<7>$7;£»]ia35¥M^ * 

«w</>tis 7 ^ufcem*® i io6, 31 2 mmm 1 l e 105 

15 e>H 1 5lc^bfc!B6'Jllfi0lli:li3tR"C*>5o 

ep 7 -jut^i-cii* str s t n m&fr htez m&m sowM^h^fl t ^ 

' ' ov^X 6 ^ttlW ISI*Rt- . 2 3 0-2 6 OJSncR&SftTfcO, &£ilB5 0 
<7)A n dfcol>Tk3&6 3SHM*i:ln|«K. •fcWfc/MfrtfO. 8 5 /i mKK'fc 5 

20 -e UTffi 7 ^«iJT'{i^ 6 3lJ&#]<i: -0 ,35 lffcffiUfi 106«Andlt 

1 50 + 5 0 nmt'fc!), ^fttH^JS H60Andl4, 6 10±60nmt 
*>9, fifcfcl 0 5(0^ig#X(tMWii^2(4ffiM«l 1 6 
Ufllll, 1 0 ~ 3 5 It.-Cfc *) , ^ 1 fiMH^K 1 0 6 t % 2 fifcffiHtR 1 1 

6<n%.$bb <Dt£-fftm 9 2ti, 3 0-6 OJgT'fcSo t£oT, f&T^ifcfll©^ 

Ll*J&a**0** (BP*). 15*** 
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5 fr5o 

RftL-C»Wi-S„ I-Vl. ^ 1 6 Kip-flB 8 3l«']-eii, HI 1 3 1 5 Lfc 

«K U rlfeSLCIn (flfeBn) lcE-ti:£ 0 OA OK <£oTSO!F#&/£ 

i o \ii>wtit.zftx&Q . rni^ox^aasitti«2 1 4&tfg&fan&i 5 t> 

25 Sfki-5^ s Sfe 0 ^ <Dflfe<D«Wct::oV>-CW;& 6 XttH 7 ^l&ffl £ iRHrefc5 0 
BQiOii: LT*BU8*rai< U (eft®)- KJLtfS. BOiOitw £5gc& 
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i o nmm) 

jsitm^ 2i4' (nmmmmz^-rmmmx'h ^ai9ii, zn^-mmxfo o . 
5 iii2 on, z<o®mmx*hz> u Ms m 1 8 7^123 2 o^-rm i crju^-ete, 

mi 8)5^i2 oic^-t-i mi onmmxiins ®6frb%9nmmz& 

10 * h 7^-^(7) 2 4 It, &^iti&KMilSl2 4 I ±(Cfiilg$tlfc^ 

mcomm^2 4 2t, mmm%2 4 2±.iL&mztxtzx vv-(y'ikoymmn.m2 
4 3 1 zi>;temmw&zfiLx\,^ 0 -tm®fc%n$2 4 i im. * y >y h 2 4 i 

h^DH-fL^tlT*^. ~;tXtc£CTiiTO$5<2 4 3{C{i x fI^-2 4 3 h^J#J&£ 
*lT V ^ S 0 * »I (nm& o V > T f±?}5 6 >b $ 9 '^ii#i]<7) v tifr t fiWX h 5 o 
15 :©i?i:*iStWi, JKMH^n#lc{i % 31 1 JS6IR 1 o.h^«S$4xfci TO 
IK^P>/ji^SW?B*i2 4 3 ^rfflv^T^^^5 o (Di&mWim&WM-fZ - *: I- £ 
0. A l &^*>ft5H t -8iflKMWS2 4 l t::J;5RW&KifciBiJ8 5 O^ltt 

JifcftlJpfSftfc I TOJ!^7^;>fr5i§Wmtei2 4 3^ffl^Tiill5 (XDjEfttf 
20 HS:i6i|»i-S-^t-«t9, A 1 mm>t>teZ>¥m®fc$m2 4 iSr^ii^^fi 

m2 4 2(1, mTL&mti/V =^££j&#<t LXM&L-rtltt «tV\ 
(IS 1 L UttW 

&k % *«w<o»i imt&m\z&zRtommm&mz.o^x* @2 1^02 
25 3Sr#j»frift9ii-5„ w r. tc in 2 1 i*. $ 1 1 Mmm^m^w-mmxh 9 . 

0 2 2 11, f ©A- A' ®f®BlT-fc>9, Hl2 3(i x f& 1 1 HfifcfliJUl&tt 5 # 7- 

2 1^02 3ic^-rmi i nnw-eti, mifrbm3\z7fiVti$&i %i&Mtm 
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i2i^f>i2 3t:/Tti9!i, m 1 1 mrnrnxi^ mi'Mmmtit^x. m 
2i^2oist:, 0 2 i ^fit^iRiKWtfa;* hyjyvzvmmnmz 2 1 zm*. 

14a, *7-7>f/^ 3 2 3, io 7*7 < fr9 3 2 3 <7)ipffifkJli 3 2 4 , SO 5 

5 if rats* 3 1 4 a ^^ic/xwm^?^^-r5-<^^cosw^3 1 4 b £{§£5 

I £JK l 0<7) UMl£:fcttSJ£JWIR3 l 4 b ic.-t 9 ^)t^lxW1'^OT% £*H{fe 

5 0O7^^hf'|fl U 0 I Atfftffi 0 2 W^i&,&<7) And, ^ 1 

{fcflT2l*R 1 0 6 <D A n d &t>*$ 2 fi£#lM& 1 I 6WA n dli, hiE LfcM£ 
15 ^IBI'Ao-CV^fc«6, / — r !l- 75 y *^r— KlCfc «9 IIH ^5 < h7 

fSi, .Lj£ L fcm 2 7i>ib $T5 1 0-MmM\zi3\,^xh. $1 I jfcJffifllwfcK # l 

0 t , 0 I &t>*ft/£ 0 2 afctftdjRfiW And. $ 1 fifctflMIE 1 06»And 
20 &t5® 2 I I 6 O A n d £ JL'ifc L fcflf ^«DB I- Atlftfcf. \ft$k<0%) 

«& 1 2 mmm) 

mis *mw<r>m 1 2 ■Mmwzo^x. m 2 4 LTra-r m 1 2 m 

J: 9 ft^UfSr 1 0 0 0<7)^7rcgfll 0 0 1 Kilffl-ffttf. mZ<M^> h7* h 
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ffc, i2 4 (b) {ctjH-J; 5 ftMFfH l 0 0<om*&i l 0 l tcilffl-Tft 

J£te,*0 2 4 (c) ^z^y-TV^^t 0 ^-* ttfllflg;*) 

5 I 2 0 Ol£*3V*T, K 1 2 0 2 f* I 2 0 4 {C|3fJP^ S ft 9 

tf^ftS^-rtt^ttbftSiS^iM 1 2 0 6 (cjgffl-f tlli, 0TJ5< ^=»> h 

i}U «7— K^n-t x^'/sT^/'^-^r-^g^ (RWS) , 7" 
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m m (o m m 

mmm 1 sir ^fisies 2 stRKanan-s aw^ke $ *i7bK«t«M £ > 
mum 2 «&-0>u&ib& 1 £fct &*tmz®rt btLfzmitfot. 
mux.®, t mmm 2 &m t^m keb £ ntzm 1 & *hm& t . 

10 fctfo^T*^, 

IWSfi!M<£> And (Jfe^Jft ^/rt Ant WiW d f«<D&/Ml&:^ 0 . 8 5 m 

maTT*fc«9 lio^iDiWO. 7 0 n m£L JiT'fc »K 

nSSlsfJ 1 fi+P^<7) A ndlij 50 + 5 OnmXli6 0 0 + 5 0 nmffc^ 
15 fl&Sl3B2<£fll7kK0>A n d it, 5 5 0± 5 0 nmt'fc^ 

~8 0gT'^5eWia^i o 

20 2. 35iSih 

mum 1 &t/».2iE«iBin«^$HfeiK*^, 

25 mmftWLt mmm 2mmt iz&u £ nfcm 1 tenuis t . 
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HffEB 1<&*BIH£<7>A n d ft. 1 5 0 ± 5 0 nmT*fc<9 , 
HtiEfl2{iL*B!!&<7>A n dtt, 6 1 0±6 0 nmffcO, 

tfo&m%fo<»m&ito*\±WM t Mists 2 ftLtaM«^^$ft t <ota-r^ nii, 

5 1 0~ 3 5JK-e*>«9 x 

.BifgaUffctoi£«^^ 30 

3. llHfil$ii<£> A n d 0. 7 0 — 0 . 8 5 n mT'^Sfg*^ I {ClB^OJSlt 

10 4. m?Mlfa<n A n d fi, 0. 70-0. 8 5 ^ mX*&>Z>U#*& 2 Kg2it<7>Elt 
%iK&£B. 

5. iffiSiSfS l JJEfiifc L< {iflfI I tils5 2^«<7)^ffi{WWiffi^* v-7>f /P^^ii^fc 

£Bo 

10. fi&IBK#tm«Jitt/£#tBli:* &R*tKJ:K:eB$ftfci8W<Z>*fc»Ri:> 
25 MIil«^Io 
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5 is. iin;iofS 1 

ffiB® l ««<DfiftiE$K2J£|Rfc*Jfi^ 
^(ajt>Ktmi5il^2;Mi</M. , n^ftlg$tLfcM5 l {£*U1M&£:, 

flftaCiRiSiOy >T ^ hftfi, 2 3 0-26 OJ&T'fc 9 . 
15 iwfilMW And {%^%)sn. AniiSd (£>fg) l±-?:</>/fr'HKa ? 0 . 8 5 n 
m£kTXh<0 Ho^r(7)it^:fitt^0. 7 0 f* mkUiT'iJbtK 

WJSBsIS IfjCftl^fitW A ndlij 5 0±50 n mXJ16 0 O ± 5 0 n mt'fc^ 
bUIE^ 2 RtllUJSGO A n d li. 5 5 0±50nmt'J)^ 

20 1 5-3 5J^T**)t> , 

i 6. mm<D^immt. 
25 mm%iRv%2mmm^mztitz.m&k, 

^e»iStR©WiB*2fi«^»^5«{cfiR$nfc¥MRIt*«»i:, 

jtufBfl 2 wfiillB^ 1 g& t SMtUlt fb*tfc{I3fc& £ , 



WO 01/33290 PCT/JP00/07770 

-37- 

ffiW.i&foW't * h^fi. 2 3 0~2 6 Ol&X'h*). 

(WIEjKiBWA n d (ft^^flA n £SJ¥d<TCf8) J« 0 . 85/x 

5 raWTt*)9 llo^O&Xfilt^O. 7 0 /i m£A htth *> , 

mat® lfctflH&^A n d (i, 15 0±5 0nmt'fcf), 
lltfltl^ 2 fi£>fP^^<^ A n d i^. 6 1 0 ± 6 O nmtfc*) . 

I 0~ 3 5J&T*fo*) . 

io rwr'tEtfs i iain^te<^>t*ii^n^-fle^2^4qM4Rwjt«^^*-f-ft^o 21*. 30 

1 7 . mufiiMiGO A n d t*. 0. 70-0. 8 5ju m"e*s 5 M**fi 1 5 t'lffiilftO 
18. iitiJfl^iSi <T> Andlt 0. 7 0 ~ 0 . 85/zm T'fo 5 ^**fi 1 6 \Z.#M<D 

15 ^aiaR^s^^ia^H. 

1 9 . fiif £35 1 t> t < liftfi 2 SJR^MMHWw iffi K #?-:7>r/u 

2 o . iffiiBSS i L < ft iifi.fQtTS 2 <nm& flUJ?) rfn Iw # =7 - v a tv v X. 

tim&m 1 6 ^m^'mmimmm^mmo 
20 21. fiafaHMgSRJWMJSw^ *v ? bmm^iit^Mm^h^^m^m 1 

2 2. fKraE¥saR0t«««ft» *y y h^J&£ftfc£MJia^#6I»#*I 1 

2 3. mlf2* y y h^tllix 3~ 2 0 /x mT**)6sS*Jl2 1 lCfa^(D^j§S#t 
25 MftiggB. 

2 4. itulfi* 9 y h<7)*Sfix 3~ 2 0 u m-e&>5§##«2 2 {'fS«(D^i§Slt 
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5 2 7. r 'J — ^7^^*— Kt^-r/7> K IJ Mb £tl 6154^11 I 5H 
2 8- y — ^ y y V =£— YX^v'yf^Y V ? *WMl £ ft5 st*^ 1 6 t£ 

2 9. i)fjfitlj35 I J&fii £ iffimljM t GOfffl £ ti^iflilcofiDt^ £ * 

io mum i js-is t \mmonrjtm. t (om^m s ntzmonttt^M t 

3 0. \)MB® 1 Mtmhfii;^ 

3 3. t \ztm<»immw&mzm^tz.?&*m® n 

20 3 4. ^Jfl2i:SWW^E^i^!tlfK 

35. ffixm. 1 5 (^te^o^iiiisrawu^g^iix.^m^^o 
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Collecting Material 



The present invention concerns improvements in or relating to collecting 
materials, and especially but not exclusively materials for collecting oils, fuels, 
greases and certain chemicals, for instance when spilled on a surface. 

In this specification the term "rubber" is intended to embrace natural 

rubber and synthetic rubber- 
According to the present invention there is provided a collecting material 

including a rubber powder, the particles of which have dimensions in 

substantially all directions, lying within the range 0.1mm - 0.8mm, the rubber 

being non-oil resistant. 

Preferably the rubber of the collecting material is natural rubber and/or 
non-oil resistant synthetic rubber. 

Preferably the rubber powder is made from recycled material, which 
material may be produced by a devulcanisation depolymerisation process. 

Alternatively, new rubber may be used, which may be virgin or off 
specification. 

Preferably the rubber powder is mixed with mineral materials, for 
example, crushed stone or gas concrete, pulverised coal, clays, sand, calcium 
carbonate, barium sulphate, aluminium silicate, mineral fibres, wood flour, saw- 
dust, natural and synthetic fibres. 

Preferably an anti-slip additive is added to the powder. 

Preferably the powder is one or more of 16, 20, 30, 40 or 50 mesh size. 

The collecting material may be contained by a permeable member, which 
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member may be made of fabric or plastics material, and may be in the form of a 
sheet, sleeve, sock or envelope. 

Embodiments of the present invention will now be described by way of 
example only. 

The invention provides a material for collecting spilled oils, fuels, grease 
and certain chemicals/liquids from, for example, floors and garages, factories, 
workshops, filling stations, kitchens and at the scene of road accidents. These 
materials may be collected by one or more of absorption, adsorption or binding 
with the coDecting material. The collecting material comprises a rubber powder 
made predominantly from scrap tyres from which the steel cord reinforcement 
has been removed. The scrap consists of tread rubber and the remaining part 
of the tyre casing, as well as the synthetic reinforcing material of the tyre. 
Sources of recycled rubber other than tyres, for example conveyor belts, 
profiles, mouldings, etc. can be used. 

The recycled material, which is predominantly natural rubber (NR) may 
also include non-oil resistant synthetic rubber, for example styrene butadiene 
rubber (SBR), butyl rubber (IER), polyisoprerie (IR) or polybutadiene (BR). 

The recycled rubber is processed by any suitable known process, such as 
devulcanisation depolymerisation, to provide a powder, that is a collection of 
processed rubber particles, with dimensions in the range 0.1mm - 0.8mm. 

it would also be possible to partially or wholly use non-oil resistant 
synthetic rubber, or new rubber. The latter may be virgin or off specification, 
i.e. rubber contaminated perhaps at the plantation. 

The volume of air present in a known weight of rubber powder according 
to the invention, compared with a known weight of rubber particles for instance 
in the form of chips, strips, flakes and crumbs, in certain circumstances would 
have a reduced capillary action capable of absorbing oil, etc. The capillary rise 
of oil to be absorbed by the collecting material of the present invention is high 
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due to the relatively low surface tension of oil, so that oil is sucked up instantly 
by the collecting material like paraffin in the wick of a lamp. The oil then 
penetrates and is absorbed into the rubber powder due to the large available 
surface area of the rubber, powder so that an almost dry oil/rubber mass 
remains after a few days. 

The handling and disposal of such a mass of virtually dry rubber 
particles is much easier than the disposal of a very oily mass when the rubber 
particles are not oil absorbent. The present invention observes that the smaller 
the particle size of the powder the larger the total surface area available for 
absorption, adsorption or penetration. The surface area of the particles also 
depends on the method employed when the scrap rubber is size reduced. The 
absorption capacities for oils, fuels, greases and certain chemicals/liquids of a 
fixed amount of rubber does not increase with the total surface area but the oil 
is absorbed much faster when the size of the particles is reduced and a larger 
surface area is available. 

Conventional oil absorbents are based on granules made of mineral 
materials, for example clays, calcium, carbonate, calcinated aluminium silicate, 
titanium dioxide and other materials such as cellulose fibres. The absorption 
capacity of these conventional granules is limited and the disposal of mineral 
granules containing oil presents problems to the environment. In addition the 
winning of these materials has a detrimental effect on the landscape. 
Additionally certain chemicals used to remove spilled oils are environmentally 
hazardous, for example cellulose fibres are a fire hazard. Rubbers do not 
present a hazard to the environment. 

In the collecting material of the present invention, additional materials 
may be added to the rubber powder in order to improve the effectiveness of the 
absorption, adsorption or binding and/or in order to increase the bulk density 
for certain applications. Such additives could be mineral materials for example 
crushed stone or gas concrete, pulverised coal, clays, sand, calcium carbonate, 
barium sulphate, aluminium silicate, mineral fibres. Additionally or 
alternatively, in order to lower the bulk density, materials like wood flour, 
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sawdust and certain natural and synthetic fibres could be added. Further 
additionally or alternatively, to enhance the non-slip properties of the collecting 
material, other appropriate additives may be included. 

In use, the collecting material is normally scattered on the spilled oil, etc. 
to be bound in and absorbed, but it can be applied to areas where oil leakage is 
anticipated, and if it is preferable to contain the collecting material in these 
uses, it can be contained within a fabric sleeve or sock arrangement. Such 
sleeves can be installed around machine frames where oil leakage is anticipated. 
The collecting material may also be contained in a flat fabric envelope to form a 
blanket. Alternatively, a permeable sheet may simply be placed on the oil, and 
the material placed on the sheet. Such arrangements should have an open mesh 
or porous material such that the oil to be absorbed will soak through the 
structure and into the rubber powder absorbent/binder. Woven and non-woven 
fabric or appropriate natural and synthetic material would be suitable for the 
manufacture of such arrangements. 

It is to be realised that the powder formation of the collecting material 
described with reference to the above embodiment has an absorption capacity 
of some five to eight times the absorption capacity of conventional mineral 
materials. The oil absorbed by the rubber powder is bound to the rubber so 
tightly that it cannot be washed out of the collecting material by water. 
Another advantage of a collecting material based on rubber is that whereas the 
rubber may be wetted on the outside it does not itself absorb water. After 
absorption the oil/rubber powder mass is suitable for pressing into briquettes 
of Refuse Derived Fuel (RDF) due to the state of the mass. 

The embodiment above provides a collecting material which has a much 
larger capacity by weight when compared with conventional oil absorbents, that 
is absorbents made out of mineral materials. It provides a cost effective 
product for cleaning up oils/greases and certain chemicals/liquid produced in 
an environmentally friendly way from old tyres and other suitable surplus 
rubbers. 
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Typical examples of compositions of absorbents/binders according to the 
invention are now set out. 

1) An oil collecting material consists of rubber powder with a particle 
size of approximately 0.2mm - 0.71mm obtained by sieving and grading, size 
reduced from old whole truck tyres and predominantly consisting of natural 
rubber (NR) and the synthetic rubbers styrene butadiene rubber (SBR) and butyl 
rubber (JJR) and containing synthetic fibres. 

2) An oil collecting material consists of rubber powder with a particle 
size in the range of 0.2mm - 0.8mm, size reduced from old passenger car tyres 
including styrene butadiene rubber (SBR) and butyl rubber (IIR) and synthetic 
fibres. Added to the rubber powder is a small percentage of clay and 
approximately 10% of coal dust or pulverised fuel (PF), with a particle size of 
approximately 1mm - 3mm. 

3) An oil collecting material consists of rubber powder of similar 
particle size to the above examples made from a mixture of certain parts of old 
truck and old passenger tyres as well as rubber powder from other sources like 
suitable general rubber goods etc., if necessary mixed with saw dust and/or 
wood flour. 

There are now set out examples of collecting materials according to the 
present invention in use. 

1) lOOg of 20 mesh rubber powder with the below 60 mesh fines 
portion removed, was mixed with lOOg of old sump oil. The oil was bound in a 
matter of seconds. The sample was checked after 48 hours and the rubber 
mulch was virtually dry. 

2) lOOg of 30 mesh rubber powder, made from non oil resistant 
rubbers, was mixed with 150g of old sump oil. The oil was absorbed in a few 
seconds. After having left the rubber powder/oil mixture for 3-4 days the oil 
had penetrated into the rubber powder almost completed, leaving a virtually dry 
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rubber powder/oil mass which was easy to handle and due to the dry state, 
disposal did not present a problem, 

3) lOOg of 40 mesh rubber powder, made from non oil resistant 
rubbers, was mixed with 200g of old sump oil. The oil was absorbed in a few 
seconds and the rubber powder/oil mixture became virtually dry in about an 
hour, because the oil had started to penetrate into the rubber powder rapidly 
due to the large surface area of the mass of rubber particles. 

4) An amount of sump oil was poured onto a concrete workshop 
floor. A quantity of 30 mesh rubber powder, made from old tyres and 
consequently containing synthetic fibres, which seemed adequate to absorb this 
oil was strewed onto the oil immediately and most of the oil was absorbed in a 
few seconds. After a few minutes a further limited quantity of the same rubber 
powder was strewed onto the oil/rubber mass, in order to absorb the total 
amount of oil on the floor. Within an hour the oil/rubber mass had become so 
dry that it could be swept from the floor without any difficulty, and was ready 
to be disposed of. 

5) A 50/50 mixture of 30 and 40 mesh rubber powder, made from 
old tyres, was strewed onto a very dirty ad greasy kitchen floor in a restaurant. 
The grease/oil and other dirt was readily absorbed by the rubber powder and 
the floor could be cleaned easily and quickly. Handling and disposal of the 
remaining virtually dry mass did not present a problem. 

The collecting material of the present invention is also suitable for 
removing oil and grease etc. by shot blasting. By shot blasting with the rubber 
powder of this invention, oils grease etc. can be removed from products, which 
are manufactured by a continuous production method. 

The material of the present invention can be used to rub hard grease, 
dried oil, tar, paint, etc. from surfaces due to the nature of the product. 
Conventional mineral oil absorbents cannot be used to clean surfaces by 
rubbing, since the rubbing action will cause the granules to change into powder. 
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Consequently the fine rubber particles of the invention can be used as quite an 
aggressive absorbent/cleaner. 

Whilst endeavouring in the foregoing specification to draw attention to 
those features of the invention believed to be of particular importance it should 
be understood that the Applicant claims protection in respect of any patentable 
feature or combination of features hereinbefore referred to and/or shown in the 
drawings whether or not particular emphasis has been placed thereon. 
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Claims:- 

1. A collecting material including a rubber powder, the particles of which 
have dimensions in substantially all directions, lying within the range 0.1mm - 
0.8mm, the rubber being non-oil resistant. 

2. A material according to claim 1, characterised in that the rubber of the 
collecting material is natural rubber and/or non-oil resistant synthetic rubber. 

3. A material according to claims 1 or 2, characterised in that rubber 
powder made from recycled material is used. 

4. A material according to claim 3, characterised in that the recycled 
material is produced by a devulcanisation depolymerisation process. 

5. A material according to any of the preceding claims, characterised in that 
new rubber is used, which may be virgin or off specification. 

6. A material according to any of the preceding claims, characterised in that 
the rubber powder is mixed with mineral materials, for example, crushed stone 
or gas concrete, pulverised coal, clays, sand, calcium carbonate, barium 
sulphate, aluminium silicate, mineral fibres, wood flour, saw-dust, natural and 
synthetic fibres. 

7. A material according to any of the preceding claims, characterised in that 
an anti-slip additive is added to the powder. 

tl 8. A material according to any of the preceding claims, characterised in that 

the powder is one or more of 16, 20, 30, 40 or 50 mesh size. 

9. A material according to any of the preceding claims, characterised in that 
the collecting material may be contained by a permeable member. 
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10. A material according to claim 9, characterised in that the permeable 
member is made of fabric or plastics material. 

11. A material according to claims 9 or 10, characterised in that the 
permeable member is in the form of a sheet, sleeve, sock or envelope. 
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